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S U M M A R Y  

This paDer presents  f ac tua l  data on the  propagation of radio-  

waves t o  50 rnillionkm distances in the  frequency of 183.6 BlC/€3. 

The maximum possible  radiowave a t tenuat ion  i n  in t e rp l ane ta ry  space i e  
estimated. A compilation is given of literature data on the  propagation 

I /  
of radiowaves i n  in te rp lane tary  space. 

' 

t 

IN'iROijUCTION 

The proFacation O C  radiowaves i n  i c t e rp l ane ta ry  space w a s  sta- 
died e a r l i e r  by way of observation of radio emission from discrete 

SOUIC~G. The da ta  obtained by radioastronomers allowed a detailed s tudy  
of fadings,  conditioned by the e f f e c t  of Xarth's atmosphere'. Information 
on radiowave s c a t t e r i n g  by the corona and the  supercorona of the Sun 

has been obtained [l, 23. An important conclusion derived by rad ioas t ro-  

nomera coosis ted i n  the  a s se r t ion  of absence of radiowave a t t enua t ion  in 
i n t e rp l ane ta ry  space, 

It must be s t r e s sed ,  t h a t  the laws of radiowave propagation, 
obtained by radioastronomical me'thods, cannot be t r a n s f e r r e d  without 

v e r i f i c a t i o n ,  t o  the conditions of monochromatic e i g n a l  propagation. 
For example, i t  i s  i q o e s i b l e  t o  obtain from radioastronomical data 
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information on the  width of the s p e c t r a l  l i ne  obtained af ter  passing the 

in t e rp l ane ta ry  medium. In te r fe rence  fadfngs can appear i n  the  presence of 
m u l t i r a d i a l  propagation of monocromatic radiowaves; radiowaves with a 
white spectrum w i l l  not  un6ergo fadings in t h i s  case. Of great interest  
a l s o  is the inves t iga t ion  of the dependence of radiowaves' group ve loc i ty  
on the  state of i n t e rp l ane ta ry  medium. F ina l ly ,  the  v e r i f i c a t i o n  of t he  

a s s e r t i o n  of t h e  absence of radiowave a t t enua t ion  i n  in t e rp l ane ta ry  medium 
by way of d i r e c t  measurement of the  dependence of f i e l d  i n t e n s i t y  on the  
dis tance,  is a l s o  required. 

The charac te r  of radiowaves' i n t e r a c t i o n  with the  in t e rp l ane ta ry  

can be estimated by applying the  existing theory of radiouaves' medium 

propagation kr plasma 
These es t imates  show t h a t  the  in t e rp l ane ta ry  m e d i u m  exerts p r a c t i c a l l y  

no effect on the condi t ions of  VKF radiowaves' propagation. The making 
of such es t imates  assumes, t h a t  the theory, v e r i f i e d  in the condi t ions of 
the Earth 's  ionosphere, w i l l  be va l id  in a l l  d e t a i l s  upon ex t rapola t ion  

of i ts conclusions t o  the case of in t e rp l ane ta ry  medium. It must be stres- 
sed, t h a t  wave at tenuat ion,  conditioned by plasma flow, by scattering of 
radiowaves on large-scale  i r r e g u l a r i t i e s ,  by transformation of e lec t ro-  

magnetic waves i n t o  mapetahydrodpamic ones and o the r  mechanisms, is 

posyible i n  the in te rp lane tary  medium. Taking i n t o  account these phenomena, 
p r a c t i c n l l y  absent  i n  the ionosphere, one may expect add i t iona l  e f fec ts  
of i n t e rp l ane ta ry  medium on the propagation of radiowaves. 

and of known d a t a  on e lec t ron  concentration. 

In connection w i t h  the above, i t  is of great i n t e r e s t  t o  accumu- 
la te  and systematize condi t ions of radiowave propa- 
gat ion  i n  the  in t e rp l ane ta ry  medium. This work is devoted t o  the  descr ip-  
t i o n  of the  r e s u l t s  obtained along these l i nes  by way of observing the  

s i y n a l s  from ob jec t  Mare-l ( in  183.6 m c / s ) ,  and the analysis of the  l i t e -  
rature data. 

f a c t u a l  da t a  on the  

* * *  



1. MAXIMUM POSSIBLE VALUES OF RADIOWAVE ATTENUATION 
IN INTZRPLANETARY SPACE 

3. 

f lux 
The dependence of enerey/on the  dis tance was inves t iga t ed  by 

u s  using the  regular  measurements of the  leve l  of the received signal from 
t he  objec t  Mars-1. !?he l a t t e r  was determined by way or" comparisun with 

the  rece iver  noises,  and these were measured with the  a i d  of a ca l ib ra -  

t ed  noise generator and a l s o  by comparison with r a d i o  emission of the  
source Cassiopea-A. 
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Fig.1, - Dependence of s i g n a l  l e v e l  of objec t  
Mars-1 with a frequency of 183me/s 

on the remoteness. 

The power of the airborne t ransmi t te r  w a s  cont ro l led  i n s u f f i c i e n t l y  

r e l i a b l y ;  however, the voltagesfed and consumed by it, were maintained 
within given l i u i t s ,  "he t ransmi t t ing  on-board antenna had a w e a k  radia- 
t i o n  p a t t e r n  and the r o t a t i o n  of the ob jec t  l e d  t o  the  appearance' of 
slow fadings. Analysis of these fadings percii ts  t o  exclude the  e f f e c t  

of t he  r ad ia t ion  p a t t e r n  of the airborne antenna on the r e su l t s  of mea- 
surements of s i g n a l  level.  

The dependence of received signal l e v e l ,  r e f e r r e d  t o  values  

stemming from the l a w  of f r ee  propagation of radiowaves, on the  remote- 
ness is p l o t t e d  i n  Fig.1. The l i n e  1 is p lo t t ed  by the method of least 
squares ,  using the da ta  obtained a t  d is tances  t o  26 mil l ion  km, The l i n e  

2 is  p l o t t e d  by using a l l  data obtained at  d i s t ances  t o  % m i l l i o n  Inn. 
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It must be noted t h a t  the measurements corresponding t o  distances 
from 26 t o  50 mil l ion  km a r e  l i t t l e  r e l i ab le .  The dashed U s e  3 cor- 

responds t o  the law of free propagation of radiowaves. The materialrji 
obtained allow t o  estimate the maximum possible  value i n  the attenua- 

t i o n  of radiowaves of 183.6 mc frequency, when propagating i n  i n t e r p l a -  
ne t a ry  space. It follows from F i g . l ( l i n e 1 )  t h a t  t h i s  quant i ty  is 

equal t o  4 2 2  db. at 50 mill ion km. 
Because t h e  study Of the conditions of radioaave propagation 

was conducted by nay of more than a s i n g l e  measurement of dependence 

of s i g n a l  l e v e l  on the  distance (remoteness),  an estimate of the condi- 

t i o n s  of propagation by other methods o f f e re  i n t e r e s t .  
Data on the l e v e l  of t h e  received s i g n a l  from object  Pioneer V 

are brought up i n  c31; the  authors of t h i s  work note ,  t h a t  during ob- 

se rva t ion  of s i g n a l s  i n  the frequency of 378 mc/s, no notable  de f l ec t ion  

from t h e  law of f r e e  propagation of radioraves was observed at d is tan-  

ces t o  43mi l l ion  km. However, the experirnectzl data of L31, have a 
great spread, ana they therefore  do not po in t  t o  the  absence ofradiowave 

a t tenuat ion ,  but  pe rn i t  t o  e s t a b l i r h  only t h e  greatest  posr ib le  atte- 
nuat ion,  t h a t  might be concealed i n  t h e  spread of eTperimental da t a .  

AnalvEiF of these da ta  s h o ~ 6  t h a t  tke a t tenuat ion  of radiowaves in t h e  

frecuency of 5’8 mc/s i s  no more t h t n  2 t o  3 db a t  43 mi l l ion  km. 
Tne r e s u l t s  of multiple determination of t h e  e f f e c t i v e  c ros s  

s e c t i o n  diameter of radiowsave s c a t t e r i n g  i n  700 mc/E, by plznet  Venus 

a r e  brought out i n  [43. The meatsured vslues  of the e f f e c t i v e  s c a t t e r i n g  
diameter were included i n  the 1 2  - 18 percent range. When conducting 
these meaeureneLits, the  remoteness var ied  from 40 t o  65 mi l l ion  km. 
Therefore,  at radar loca t ion  of Venus t h e  t o t a l  v a r i a t i o n  of t he  path 
of radiowave propagation cons t i tu ted  50 mil l ion  km. The maximum a t t e -  
nuation, which could have been conceded  i n  t h e  measurement e r r o r s  of 
the  e f f e c t i v e  scattering dizne ter ,  could not exceed 1.6db a t  50 mil l ion  

km i n  t he  course o r  these experiments. 
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For t he  s t u d i e s  of conditions of  radiowave propagation i n  

i n t e r p l a n e t a r y  medium p a r t i c u l a r  i n t e r e s t  is of fered  by observat ions 

of r a d i o  emission from t h e  d i sc re t e  source  Taurus-A, T h i s  source is 
p r a c t i c a l l y  s i t u a t e d  i n  the  e c l i p t i c  plane.  I n  connection w i t h  t h i s ,  

t ranslucence of t h e  in t e rp l ane ta ry  medium, comprised i n s i d e  t h e  E a r t h t e  

o r b i t  t akes  p lace  a t  recept ion of i t c  r ad io  en&-sion at var ious t i m e s  

of t h e  year. Ec l ip se  of thie; Eource by t h e  Sun's corona takes place 
every year on o r  about June 14- 15. Deta i led  data on t h e  e f f e c t  of coro- 

ng and supercorona inhomogeneities on t h e  mapagat ion of meter radio- 
r'aves a r e  brouzht up i n  works r e f .  [l, 2, 5, 61. These works show t h a t  

as the  raya Taurus-Earth approach the Sun,  a decrease takes  place of 

t he  s i g n a l  received by an in te r fe rometer  wi th  a l a r g e  base,  This s i g n a l  

decrease is  i n t e r p r e t e d  E a consequence of t h e  e f fec t  of i r r e g u l a r i -  

t i e s  of corona's e l ec t ron  concentration, l eed ing  t o  an i nc rease  of t h e  

source ' s  angular dimension. Such explanat ion 866ume8 t h a t  no decrease 

of Taurus-A r a d i o  emission w i l l  be obberved a t  recept ion  of t h e  l a t t e r  
on an antenna with a r ad ia t ion  p a t t e r n  width g r e a t e r  than 2O.I t  must 

be s t r e s s e d ,  t h a t  d i r e c t  data, which would have shown t h a t  at r ecep t ion  

of r a d i o  emission from Taurus-A on an antenna of such r a d i a t i o n  p a t t e r n  

width,  no v a r i a t i o n  of t h e  received power a t  annual motion of t he  Ea r th  

around the  Sun would tske plece, a r e  a t  present  absent.  The r e s u l t s  of 
numeroue measurements of rad io  emission f l u x  from the  source Taurus 
e r e  broumht out i n  c 7 3 ;  these mea~urements show t h a t  t h e  flux in t h e  
100- 300 mc/s bend i e  p r a c t i c a l l y  conLrtent and equal  t o  ( 1  - 2) 10- 23 
w . x u - ~ -  cps" , ConEequently , me~surements of t h e  f l u x  a t  a r b i t r a r y  p o i n t s  

of t h e  Earth!a orbit ehow t h a t  at t h e  d is tance  of one astronomical u n i t  

t h e  a t t enua t ion  must be less  than 3 d b .  

2. - ON THE EFFECT OF INTERPLANETARY MEDIUM ON THE 

PHOFAGATION Ok RADIOWAVES 

The v a r i a t i o n  of s o l a r  a c t i v i t y  m u s t  lead t o  a s t r o n g  v a r i a t i o n  

of t h e  p rope r t i e s  of i n t e rp l ane ta ry  space,  In connection w i t h  t h i s ,  t h e  

comparison of even small e f f e c t s  of anomalies in the  propagation of radio- 
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waves with the  solar a c t i v i t y  must present  a g rea t  i n t e r e s t .  

Observations of r ad io  emission from the  source Taurus-A [2, 53 
show t h a t  i r r e g u l a r  v a r i a t i o n s  i n  the  i n t e n s i t y  of the  s i g n a l  received 
with radiointerferometers  are revealed. Sudden decreases, as wel l  a.8 

s teady  inc reases  of the l e v e l s  of the received s i g n a l  are observed. These 

facts  are n a t u r a l l y  explained by the  r e f r a c t o r y  e f f e c t  of i r r e g u l a r i t i e s  

in the  e l ec t ron  Concentration. However, the p o s s i b i l i t y  is not  excluded 
of radiowave a t tenuat ion  and amplif icat ion by e j e c t i o n s  of the flowing 
plasma. These fac tspoin t  t o  a possible mult iple  propagation of radiowaves 
with, as a consequence, the p o s s i b i l i t y  of appearance of i n t e r f e rence  

fadings at  propagation of radiowaves i n  the  in t e rp l ane ta ry  m e d i u m .  It 
w a s  shown i n  [8J, t h a t  such f a d i n g s  were apparent ly  observed at signal 
recept ion  from Pioneer-V. 

Analysis of s i g n a l s  from Mars-1 i n  the frequency of 183.6 mc/s 
has shown, t h a t  no r egu la r  fadings were observed, which could be explained 

e a s i l y  by ob jec t ' s  ro ta t ion .  Fadings have anirregular character ,  so t h a t  

the explanation of t h e i r  occurrence by the inf luence  of e i t h e r  ionosphere 
i r r e g u l a r i t i e s  or random ro ta t ions  of the po la r i za t ion  plane on account 

of F a r a w e f f e c t  is r a t h e r  d i f f i c u l t .  Data on s i g n a l  recept ion i n  the  fre- 
quency of 183.6 m c / s  from dis tances  of the order of 0 . 2 ~ l l i o n  km are 
brouFht up i n  [9J; at  the same time, regular  fadings were observed, which 

could be e a s i l y  explained by objec t ' s  ro ta t ion .  Therefore, i t  should be 

admi t ted ,  t h a t  an appearance of add i t iona l  fadings,  conditioned by the  

in t e rp l ane ta ry  medium, is possible a t  propagation of monochromatic.radio- 
waves ir: tke meter ban; over  a dis tance of the  order  of t ens  of mil l ion  km. 

':%en conduc tint measurcrnents of the  dependence of the mean s i g n a l  

l e v e l  on the  dis tance (Fig. 11, i t  w a s  revealed t h a t  the scattering of 
poin ts  exceeds the expected accuracy of measurements. - I n  connection 
with t h i s ,  the  def lec t ion  o f  the rceasured values of s i g n a l  l e v e l  from 
the averaged data (i. e. from the l i n e  1, Fig. 1). w a e  juxtaposed with 
the  solar a c t i v i t y .  The r e s u l t s  of such comparison a r e  p l o t t e d  in Fig.2. 

It follows from the la t ter ,  t h a t  the de f l ec t ion  of the  signal l e v e l  from 
average f o r  s e v e r a l  sess ions ,  co r re l a t e s  with the s o l a r  ac t iv i ty .  This  

preliminary r e s u l t  is based upon r e l a t i v e l y  f e w  data, and thus  cal ls  f o r  
add i t iona l  ver i f ica t ion .  



7. 

Cxperimental d a t a  a r e  ava i l ab le  [lo], which show t h a t  the d is -  

tance t o  Venus, measured by th2 radar  method, co r re l a t e s  with the solar 
a c t i v i t y .  Th i s  may be explained e i t h e r  

by the assumption t h a t  the r e f l e c t i o n  

takes place from the ionosphere of 
Venus, which v a r i e s  its height,  o r  
by the  admission, t h a t  the in te rp la -  

ne ta ry  medium e x e r t s  an inf luence on 
the  group veloci ty .  Radar loca t ion  of 
Venus [lo] w a s  mater ia l ized  in the 

pu3MIru., 

Fig.2. - Correlat ion of t he  l e v e l  
of the received simal and of frecuency of 440 mc/s; thus, the as- 

sumption of the reTlec t ion  from the 
ionosphere of Venus r equ i r e s  the admis- 

s i o n  of its e lec t ron  concentration 
1OOO times greater than i n  the Earth 's  ionosphere. Besides, radar  loca- 
t i o n  of Venus w a s  a160 car r ied  out in the  frequencies of 700 and 2388 ac/s 
[ll], and the measurements of the  e f f e c t i v e  s c a t t e r i n g  diameter of Venue 
in the three  indicated freoucncies gave about an i d e n t i c a l  value. T h i s  
makes l i t t l e  probable the assumption t h a t  the e f f e c t  of s o l a r  a c t i v i t y  

on t he  time of radiotrave propagation is I inked with the va r i a t ion  of 
Venus' ionosphere height. The assumption of the  inf luence of solar act i -  
v i t y  on the proper t ies  of the in t e rp l ane ta ry  medium, and, by w a y  of con- 
seauence, on the  group r e t a rda t ion  of radiowaves, appears t o  us as more 
probable. T h i s  assumption meets a lso with the  d i f f i c u l t i e s  of [lo]. 

A compilation of data  on the  value of the  astronomical un i t  

s o l a r  a c t i i i t y .  

as being equal  to  109cm03, io e. 

measured by radar  and astronomical nethods is presented in [13]. 
rison of these data  poin ts  t o  a systematic difference in the  values of 
the  astronomical un i t ,  determined by two methods, This also allows t o  
suppose t h a t  the in te rp lane tary  medium a f f e c t  t h e  propagation of radiowaves. 

Compa- 

A t  radiowave propagation in moving nonuniform medium, a widening 
of s i g n a l  spectrum must take place. It w a s  revea1e.d a t  r ada r  l oca t ion  of 
Venus i n  the  frequency of 440 m c / s  [I21 t h a t  the spectrum of the  r e f l e c t -  

ed signal var ied i r r e g u l a r l y  i n  time; t h i s  v a r i a t i o n  reached O,5cpe, 
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io e. the r e l a t i v e  width of the s p e c t r a l  l i n e ,  apparently conditioned by 

the  in t e rp l ane ta ry  medium's e f f ec t  in t h a t  frequency, was of the order  

of Af / f = 10°9. Signals  from objec t  Mars-1 were observed in a system 
of narrow-band f i l t e r s ;  these observation have shown, t h a t  the ins tan ta-  
neous width of the s p e c t r a l  l i n e  w a s  no greater than bf / f = 2 0 10'9 . 

* * +  

C O  NCSUSIONS 

Analysis of the described experimental  da t a  allows the following 

preliminary conclusions on the propagation of monochromatic radiowaves 

in the meter band over a distance of the order  of 50 mil l ion  b. 

1.- Radiowave at tenuat ion no greater than 2 - db. 

2.- The in t e rp l ane ta ry  medium may induce the appearance of inter- 
ference fadings, 

3.- On the b a s i s  of the e x i s t i n g  da ta  one should est imate ,  t h a t  

t h e  widening of s i g n a l  spectrum cons t i t u t e s  no more than 2 lo9. 
4.- There e x i s t  emer imenta l  data point ing t o  a possible  inf luence 

of solar a c t i v i t y  on the l e v e l  of the received s i g n a l  and the range,-deter-  

mined by the  r ada r  method. 
In conclusion, i t  should be s t r e s s e d  t h a t  the f a c t s ,  described here ,  

everyone of them separately,  may be subjec t  t o  doubt o r  explained by cau- 
sei3 not r e l a t e d  with the e f f e c t  of the in t e rp l ane ta ry  medium on the pro- 
pagation of radiowaves. However, the concomitance of a l l  f a c t s  po in t s  t o  
the representa t ion  of a "free propagationt1 of meter radiowaves in i n t e r -  

planetary space ;is being l imited,  and r equ i r ing  f u r t h e r  r e f ineaen t ,  

*+e T H E  E N D  + + *  
Received on 5 May 1964. 
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